By means of the generalized direct method, we investigate the (2+1)-dimensional dispersive long wave equations. A relationship is constructed between the new solutions and the old ones and we obtain the full symmetry group of the (2+1)-dimensional dispersive long wave equations, which includes the Lie point symmetry group S and the discrete groups D. Some new forms of solutions are obtained by selecting the form of the arbitrary functions, based on their relationship. We also find an infinite number of conservation laws of the (2+1)-dimensional dispersive long wave equations.
Introduction
Symmetry structure and the conservation law structure are two basic aspects in mathematical physics. Symmetry group techniques provide one method to obtain solutions of partial differential equations [1 -4] . Since Sophus Lie set up the theory of Lie point symmetry group, a standard method had been widely used to find Lie point symmetry algebras and groups for almost all the known integrable systems [1] . Recently, a simple direct method presented by Clarkson and Kruskal [2, 3] was used to find all the possible similarity reductions of a nonlinear system without using any group theory. Lou and Ma [4] modified their direct method to find the generalized Lie and non-Lie symmetry groups for the well-known nonlinear equation. The expressions of the exact finite transformations of the Lie groups are much simpler than those obtained via the standard approaches. Symmetries are infinitesimal transformations of the fields under which all solutions are mapped into solutions. If the symmetry of the differential equation is obtained, we will know the transformation structure of the equation. In some cases, conservation laws express conservation of physical quantities. Conservation laws can be used in many ways, such as to prove existence and uniqueness theo-0932-0784 / 09 / 0900-0597 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com rems, to derive shock conditions, and to check that numerical methods are not producing spurious results (at least qualitatively) [5] . Because of the importance of the relationship between symmetries and conservation laws [6] , this paper studies the conservation laws using the direct method [7] . Kara and Mahomed [6] have recently established a close connection between conservation laws of a differential equation and the Lie point symmetries of the differential equation via the LieBäcklund operators. Using them, we can connect the obtained conservation laws with the given symmetries.
In this paper, using the generalized direct method, we investigate the (2+1)-dimensional dispersive long wave (DLW) equations
which were first obtained by Boiti et al. [8] . Equations (1) have been studied by many authors (see e. g. [9 -15] [15] obtained some exact solutions expressed by the Jacobi elliptic functions by using the F-expansion method and modified Fexpansion method. While [16] considered the symmetry groups of the simpler formula of (1) by a method to directly find finite symmetry transformation groups and then symmetries of Lax integrable nonlinear physical systems. This paper is arranged as follows: In Section 2 we get a relationship between the new solutions and the old ones of the (2+1)-dimensional DLW equations by using the generalized direct method. Taking a special case, the symmetry of the DLW equations is obtained. In Section 3, some new solutions are given by using the obtained relationship. Section 4 gives the infinite number of conservation laws of the (2+1)-dimensional DLW equations. Finally, some conclusions and discussions are given in Section 5.
Symmetry Group of the Dispersive Long Wave Equations
Suppose that the solution of (1) has the following form by using the generalized direct method [4] :
where
, and τ = τ(x, y,t) are functions of x, y, and t to be determined by requiring U(ξ , η, τ) and V (ξ , η, τ) to satisfy the dispersive long wave equations as u(x, y,t) and v(x, y,t) under the transformation {u, x, y,t} → {U, ξ , η, τ} and {v, x, y,t} → {V, ξ , η, τ}.
Restrict U and V to satisfy the same equations as (1), i. e.
Substituting (2) with (3) into (1) and let the coefficients of U, V , and their derivatives be zero, we obtain some equations to be solved. By solving these equations, we have
where η ≡ η(y), τ ≡ τ(t), and ξ 0 ≡ ξ 0 (t) are arbitrary functions, while δ 1 and δ 2 are determined by
From the symmetry theorem we know that the Lie point symmetry group S of the DLW equations corresponds to δ 1 = δ 2 = 1. For the dispersive long wave equations, the full symmetry group G is the product of the usual Lie point symmetry group S and the discrete group D
where I is the identity transformation and
with an infinitesimal parameter ε, where f (y), g(t), and h(t) are arbitrary functions, then (2) can be written as
Further we obtain the symmetry
The equivalent vector expression of the above symmetry is
which was also obtained in [9] . 
Solutions of the Dispersive Long Wave Equations
In this section, we will use (2) to get the new solutions of the DLW equations from the given one. In [15] the authors gave the solution of the DLW equations as follows:
Then, from (2) we can get the solution of the DLW equations:
From our following figures analysis, we can see that some new types of localized excitations, like oscillated dromions, multi-dromions, breathers solutions, multistring soliton solutions or amplitude soliton solutions are found by selecting appropriate functions as η(y) and τ(t). This is because the solution (8) includes all the group invariant solutions corresponding to the solution (7). Figures 1 -6 exhibits plots of v(x, y,t) for different examples. The solutions discussed in this paper can not be obtained by the multilinear variable separation approach (MLVSA) and their shapes do not change with time. However, you can see some interaction behaviours between the localized excitations in other papers, e. g. [10, 11, 13] .
Conservation Laws of the Dispersive Long Wave Equations
Now we construct the following conservation laws of (1): where
. By using the method presented in [7] (the process is listed in Appendix), we can have 
where f i (i = 1, 2,...,70) are arbitrary functions and c i (i = 1, 2,...,5) are arbitrary constants, and we have
It shows that the vector (T, X,Y ) is a conservation vector of the DLW equations. By (1.8) in [7] ,
, f 48 (x, y) = f 48 (y), f 49 (x) = a 1 , f 52 (x, y,t) = f 4 (y), f 62 (x, u t ) = − f 61 (x), f 53 (x, y,t) = f 53 (t), where a 1 is an arbitrary constant. Giving the associated vector of the symmetry of (1), we can connect it with (10) by (1.8) in [7] .
Conclusion
In summary, the relationship is set up between the new solutions and the old ones of the DLW equations, and the symmetry of the DLW equations is obtained by means of the generalized direct method. Both the Lie point symmetry groups and the non-Lie symmetry groups are obtained without using any group theory. The Lie symmetry groups obtained via traditional Lie approaches are only special cases. Based on a given solution, one can construct another new one with the help of the obtained relationship by selecting the form of the arbitrary functions. As results, rich solutions of the DLW equations are constructed which contain oscillated dromions, multi-dromions, breathers solutions, multi-string soliton solutions, and amplitude soliton solutions. To illustrate the properties of obtained solutions, some figures are given. At last, conservation laws of the (2+1)-dimensional DLW equations are given by using the direct method.
